Supporting information: this article has supporting information at journals.iucr.org/e Syntheses and crystal structures of 2-methyl-1,1,2,3,3-pentaphenyl-2-silapropane and 2-methyl-1,1,3,3-tetraphenyl-2-silapropan-2-ol
The sterically hindered silicon compound 2-methyl-1,1,2,3,3-pentaphenyl-2-silapropane, C 33 H 30 Si (I), was prepared via the reaction of two equivalents of diphenylmethyllithium (benzhydryllithium) and dichloromethylphenylsilane. This bisbenzhydryl-substituted silicon compound was then reacted with trifluoromethanesulfonic acid, followed by hydrolysis with water to give the silanol 2-methyl-1,1,3,3-tetraphenyl-2-silapropan-2-ol, C 27 H 26 OSi (II). Key geometric features for I are the Si-C bond lengths that range from 1.867 (2) to 1.914 (2) Å and a 4 descriptor for fourfold coordination around the Si atom of 0.97 (indicating a nearly perfect tetrahedron). Key geometric features for compound II include Si-C bond lengths that range from 1.835 (4) to 1.905 (3) Å , a Si-O bond length of 1.665 (3) Å , and a 4 descriptor for fourfold coordination around the Si atom of 0.96. In compound II, there is an intramolecular C-HÁ Á ÁO hydrogen bond present. In the crystal of I, molecules are linked by two pairs of C-HÁ Á Á interactions, forming dimers that are linked into ribbons propagating along the b-axis direction. In the crystal of II, molecules are linked by C-HÁ Á Á and O-HÁ Á Á interactions that result in the formation of ribbons that run along the a-axis direction.
Chemical context
The benzhydryl substituent and its derivatives occur in many medicinal compounds, for example: diphenhydramine, modafinil and meclizine (Fig. 1 ). The addition of the benzhydryl group to a drug significantly increases its lipophilicity and the two aromatic rings add electron density and bulk. There is an active field looking at the switching of silicon for carbon to discover new medicinal compounds and there have been several recent publications and reviews in the area (Franz & Wilson, 2013; Geyer et al., 2015; Ramesh & Reddy, 2018; Tacke & Doerrich, 2016) . It seemed to us that another option is to replace the sulfoxide group with a silanol, in which the silicon has a size that is similar to sulfur and the alcohol will occupy the space of the sulfoxide oxygen. The conversion of a ISSN 2056-9890 Figure 1 The benzhydryl group in some representative medicinal compounds. phenylsilane to a silanol by the reaction with trifluoromethanesulfonic acid followed by hydrolysis has been used previously (Kira et al., 2007; Shainyan et al., 2017) , and worked well for the introduction of the silanol in compound II, silanol 2-methyl-1,1,3,3-tetraphenyl-2-silapropan-2-ol.
The steric bulk of the benzhydryl group has been used to advantage in several silyl reagents. It has been reported that the benzhydryldimethylsilylgroup is readily synthesized and undergoes facile oxidation with hydrogen peroxide to form alcohols (Peng & Woerpel, 2001 ). Yoshida and coworkers have started with a tris(diphenylmethyl)silane and further substituted aromatic rings using electrophilic aromatic substitution to produce the sterically demanding TEDAMS group (Terao et al., 2010) . Unno et al. (2006) have addressed the influence of bulky silyl groups on the ability of silanols to hydrogen bond, and found that (i-Pr 3 Si) 3 SiOH exists as a monomer while (t-BuMe 2 Si) 3 SiOH is a hydrogen-bonded dimer. Our observation that compound II is monomeric indicates that the silicon atom is very hindered by the presence of the two benzhydryl groups.
Structural commentary
The molecular structure of compound I is shown in Fig. 2 . The Si-C bond lengths range from 1.867 (2) to 1.914 (2) Å , with the Si-C1 bond to the methyl group being the shortest. The 4 descriptor for fourfold coordination around Si1 is 0.97, indicating a nearly perfect tetrahedral geometry around this silicon atom (where 0 = square planar, 0.85 = trigonal pyramidal, and 1 = tetrahedral; Yang et al., 2007) . The Si1-C1 bond and aromatic ring (C4-C9) are nearly co-planar with a C1-Si1-C4-C5 torsion angle of 12.2 (2)
. The orientation of the benzhydryl group bonded to C2 is such that when the molecule is viewed down the C2-Si1 bond the methyl group (C1) is anti to H2 (torsion angle C1-Si1-C2-H2 is 169 ), with the aromatic rings gauche. For the benzhydryl group containing C3, the hydrogen atom H3 is gauche to the methyl group (C1) with a C1-Si1-C3-H3 torsion angle of 69 , with the aromatic ring (C22-C27) occupying the anti position.
The molecular structure of compound II is shown in Fig. 3 . The Si-C bond lengths range from 1.835 (4) to 1.905 (3) Å , with an Si-O bond length of 1.665 (3) Å . The 4 descriptor for fourfold coordination around Si1 is 0.96, again indicating an almost perfect tetrahedral geometry around this silicon atom. The orientation of the C2 benzhydryl group is such that the hydrogen atom H2 is anti to the methyl group (C1) with a C1-Si1-C2-H2 torsion angle of À165
. For the benzhydryl group containing C3, the hydrogen atom H3 is again gauche to the methyl group (C1) with a C1-Si1-C3-H3 torsion angle of 55
, and the aromatic ring C22-C27 occupies the anti position. An intramolecular C-HÁ Á ÁO hydrogen bond is present between H27 and O1 with an HÁ Á ÁA distance of 2.55 Å (Table 2) .
Supramolecular features
In the crystal of I, molecules are linked by two pairs of intermolecular C-HÁ Á Á interactions involving inversion- The molecular structure of compound I, with the atom-labeling scheme. Displacement ellipsoids are drawn at the 40% probability level. For clarity, the hydrogen atoms have been omitted.
Figure 3
The molecular structure of compound II, with the atom-labeling scheme. Displacement ellipsoids are drawn at the 40% probability level. For clarity, the C-bound hydrogen atoms have been omitted. related compounds (Fig. 4 and Table 1 ). The result of these interactions is the formation of dimers that are linked to form ribbons along the b-axis direction (Fig. 5) .
In the crystal of II, inversion-related molecules are linked by a pair of O-HÁ Á Á interactions, forming dimers (Table 2 , Fig. 6 ). Similar interactions between aryl groups and OH groups in silanols have been reported previously (Al-Juaid et al., 1992) . In the crystal of II, the dimers are linked by a pair of C-HÁ Á Á interactions (Table 2 ), so forming ribbons that propagate along the a-axis direction (Fig. 7) .
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.40, May 2019; Groom et al., 2016) gave only one hit for a structure in which a silicon atom is bonded to two benzhydryl groups, viz. bis(diethylamino)bis(diphenylmethyl)silane (CSD refcode YEPTUI; Huppmann, et al., 1994 The crystal packing of compound I, viewed along the a-axis, showing the supramolecular ribbons formed by intermolecular C-HÁ Á Á interactions (Table 1; shown as dashed purple lines). Only hydrogen atoms H20 and H24 are shown for clarity.
Figure 4
Intermolecular C-HÁ Á Á interactions present in the crystal of compound I; see Table 1 for details. Only hydrogen atoms H24 and H20 are shown for clarity, and the C-HÁ Á Á interactions are depicted as purple lines. Symmetry codes: (i) Àx + 2, Ày, Àz; (ii) Àx + 2, Ày + 1, Àz. Table 1 Hydrogen-bond geometry (Å , ) for I.
Cg2 and Cg4 are the centroids of the C10-C15 and C22-C27 rings, respectively. Symmetry codes: (i) Àx þ 2; Ày; Àz; (ii) Àx þ 2; Ày þ 1; Àz.
Table 2
Hydrogen-bond geometry (Å , ) for II.
Cg1 is the centroid of the C4-C9 ring. this compound, the silicon atom is also bonded to two diethylamino groups. There are four other structures in the CSD with a silicon atom bonded to one benzhydryl group and a different alkyl group (this count excludes organometallic compounds). These compounds include, tert-butyl Hill & Hitchcock, 2002) and diphenyl[t-butyl(dimethyl)silyl]methane (MOQWEU; Hill & Hitchcock, 2002) . This search revealed zero structures in the CSD that contained a silanol group where the silicon atom is bonded to a benzhydryl group. However, the related structures (triphenylmethyl)silanetriol acetone solvate (GAWVUW; Kim, et al., 2005) and (triphenylmethyl)silanetriol tetrahydrofuran solvate (BAVQOF; Yoo, et al., 2001) are both silanetriols that bear a trityl group (-CPh 3 ) coordinated to the central silicon atom.
Synthesis and crystallization
Synthesis of 2-methyl-1,1,2,3,3-pentaphenyl-2-silapropane (I): Diphenylmethane (1.68 g, 10 mmol) was added to an ovendried, argon-flushed 100 ml Schlenk flask along with a magnetic stirbar. Anhydrous tetrahydrofuran (10 ml) was then added to the flask to dissolve the solid and the solution was cooled to 273 K. After the solution had cooled for 10 min, n-butyllithium (6.25 ml, 1.6 M in hexanes, 10 mmol) was added and the solution was stirred for 1 h. The reaction mixture was then cooled further to 195 K and dichloromethylphenylsilane was added (0.955g, 5 mmol). After warming to room temperature and stirring for 12 h, the solution was poured into hexanes (20 ml) and the organic layer was washed with water (20 ml), dilute hydrochloric acid (3 N, 10 ml), water (10 ml) and finally brine (10 ml). The hexanes solution was dried over sodium sulfate, filtered and concentrated in vacuo. The product was purified by dissolving it in 20 ml hexane, cooling to 195 K and isolating the white crystals by filtration. The crystals were then washed with pentane and dried in vacuo (2.1 g, 93% yield). Colorless block-like crystals suitable for analysis by X-ray diffraction were grown by recrystallization of compound I (0.1 g) from hexanes (2 ml) with heating (0.08 g isolated yield). FT-IR (, cm À1 ): 3057, 3019, 2869, 1597, 1493, 696; 1 H NMR (400 MHz, chloroform-d) 0.39 (s, 3H), 3.87 (s, 2H), 6.8-7.4 (m, 25H); 13 C NMR (101 MHz, chloroform-d) À4. 77, 42.70, 125.28, 125.67, 127.37, 128.14, 128.49, 129.21, 129.46, 129.81, 134.62, 135.99, 142.02, 142.14; 29 Si NMR (79 MHz, chloroform-d) À3.12.
Synthesis of 2-methyl-1,1,3,3-tetraphenyl-2-silapropan-2-ol (II): Bis(diphenylmethyl)methylphenylsilane (0.455 g, 1.0 mmol) was added to an oven-dried, argon-flushed 50 ml Schlenk flask along with a stirbar. Anhydrous toluene (5 ml) was added to dissolve the solid and the solution was cooled to 273 K. Trifluoromethanesulfonic acid was weighed in a vial (150 mg, 1 mmol) and then added to the Schlenk flask using a Pasteur pipette, at which point the solution went from colorless to a bright yellow. The solution was stirred for 2 h at room temperature after which time the solution went from cloudy to clear. At this point a mixture of water (40 mg, 2.2 mmol) and triethylamine (200 mg, 2.0 mmol) in ether (2 ml) was prepared and added to the rapidly stirring solution of the triflate in toluene, which caused the yellow solution to immediately turn colorless. After stirring for 1 h, the mixture was poured into hexanes (20 ml) and the organic layer was washed with water (20 ml), dilute hydrochloric acid (3 N, 10 ml), water (10 ml) and finally brine (10 ml). The hexanes solution was dried over sodium sulfate, filtered and the solvent was removed in vacuo. The crude product was then dissolved in 5 ml hexane and cooled to 195 K. The white crystals were isolated by vacuum filtration, washed with pentane and dried in vacuo (319 mg, 81% yield). Colourless block-like crystals suitable for analysis by X-ray diffraction were grown by recrystallization of compound II (0.4 g) from hexanes (5 ml 34, 44.44, 125.64, 125.68, 128.62, 129.06, 129.28, 141.20, 141.43. 29 Si NMR (79 MHz, chloroform-d) 7.98.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . For both compounds, the hydrogen atoms bonded to carbon atoms were placed in calculated positions and refined as riding: C-H = 0.95-1.00 Å with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms in compound I, and C-H = 0.93-0.98 Å with 1.2U eq (C) in compound II. The hydrogen atom bonded to O1 (H1) in compound II was located in an electron-density difference map and freely refined. The crystal packing of compound II, viewed along the c-axis, showing the supramolecular ribbons formed by O-HÁ Á Á and C-HÁ Á Á interactions (Table 2 ). For clarity, only hydrogen atoms H1, H24 and H27 have been included. Computer programs: APEX2 and SAINT (Bruker, 2013) , SHELXS (Sheldrick, 2008) , SHELXL (Sheldrick, 2015) , OLEX2 (Dolomanov et al., 2009; Bourhis et al., 2015) and CrystalMaker (Palmer, 2007) . 
Winchester Computing details
For both structures, data collection: APEX2 (Bruker, 2013 ); cell refinement: SAINT (Bruker, 2013) ; data reduction:
SAINT (Bruker, 2013 ); program(s) used to solve structure: SHELXS (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL (Sheldrick, 2015) ; molecular graphics: OLEX2 (Dolomanov et al., 2009; Bourhis et al., 2015) ; software used to prepare material for publication: CrystalMaker (Palmer, 2007) .
2-Methyl-1,1,2,3,3-pentaphenyl-2-silapropane (I)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (11) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Geometric parameters (Å, º) 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

